, still play an important role in the prenatal diagnosis of genetic anomalies. The risk of fetal loss following invasive procedures has been investigated in various studies and has been reported to be around 1.0 % for AC and somewhat higher for CVS, especially when performed transcervically [6 -8]. However, the spontaneous fetal loss rate prior to 24 weeks of gestation without preceding procedure has been reported to be up to 1.0 % as well [6, 9 -15] . In the past, AC and CVS have frequently been performed in women aged 35 years or older, or in those with an increased risk for chromosomal abnormalities, while invasive testing is currently mainly based on combined first-trimester risk assessment, which should be offered to all pregnant women [16, 17] . However, when counseling patients about procedure-related complications, physicians should refer to realistic numbers, according to their own experience which might be dependent on case load [16] . The aim of our study was therefore to evaluate presentable numbers of procedure-related complications of genetic procedures in a tertiary referral hospital with about 250 procedures per year.
Methods

!
We performed a retrospective study on pregnancy outcome in women with singleton gestation undergoing genetic AC or CVS between March 2003 and December 2010 at the Department of Obstetrics and Gynecology of the Medical University Graz, Austria. The study was approved by the local ethics committee (no.: 23-060 ex 10/11). Information about procedure-related complications was retrieved from the local electronic perinatal database (PIA, ViewPoint, GE Healthcare, Zipf, Austria) and the medical documentation system or patient files. In cases with missing outcome data, patients were contacted by phone. The indications for invasive prenatal diagnosis were maternal age ≥ 35 years, hereditary disease in the family, prior pregnancy with chromosome abnormality, conspicuous ultrasound or -increasingly -abnormal combined firsttrimester screening. Cases with severe structural, genetic or functional anomalies of the fetus were retrospectively excluded from further analysis, due to their increased risk for spontaneous miscarriage or intrauterine death. All invasive procedures were performed under ultrasound guidance by trained specialists. Postprocedural complications were defined as fetal loss ≤ 24 weeks of gestation or rupture of membranes within 2 weeks after puncture. A secondary outcome was preterm delivery < 37 weeks of gestation. Statistical analyses were performed with SPSS 19 (SPSS, Chicago, IL, USA) using a significance level of α = 0.05. Categorical variables were analyzed by the Fisher's exact test or the Fisher-FreemanHalton test. Results are presented as odds ratios with a 95 % confidence interval (95 % CI).
Results
!
Over an observation period of 7 years 1,903 invasive genetic procedures, i. e., 1,569 AC procedures and 334 CVS procedures, were performed in singleton pregnancies. The mean patient age was 36 years (range: 16 -51) in the AC group and 34 years (range: 16 -47) in the CVS group. The mean gestational age at the time of the procedure was 17.02 weeks (range: 14 -34) in the AC group and 13.06 weeks (range: 11 -17) Table 1 ). Sufficient outcome data were missing in 102 (6.68 %) cases in the AC group, 14 (6.31 %) in the transabdominal CVS group and 9 (9.47 %) in the transcervical CVS group leaving a final study population of 1,342, 150 and 64 cases, respectively. Complications resulting in miscarriage prior to 24 weeks of gestation, occurred in 9 (0.67 %) cases after AC, 3 (2.00 %) after transabdominal CVS and 1 (1.56 %) after transcervical CVS. Another two complications, one rupture of the membranes after AC (with subsequent uneventful delivery at 40 weeks) and one after transcervical CVS occurred within 2 weeks after the procedure, leading to final complication rates of 0.75 %, 2.00 % and 3.13 % for AC, transabdominal CVS and transcervical CVS, respectively ( • " Fig. 1 ). Statistical analyses revealed that procedure-related complications occurred more frequently after CVS than after AC (p = 0.0439, OR 3.19, 95 % CI 1,078 -9,418) and the outcomes after individual procedures differed significantly (p = 0.0449, Fisher-Freeman-Halton test). How- ever, the numbers were obviously too small to result in significant differences in subgroup analyses. Preterm delivery, defined as birth < 37 + 0 weeks of gestation occurred in 120 (8.94 %) pregnancies after AC, in 9 (6.00 %) after transabdominal CVS and in 8 (12.50 %) after transcervical CVS. Birth < 34 + 0 weeks of gestation was observed in 49 patients (3.65 %) after AC, 2 patients (1.33 %) after transabdominal CVS and 5 patients (7.81 %) after transcervical CVS. The overall preterm delivery rate (birth < 37 + 0 weeks of gestation) at our institution in the study period was 15.8 %.
Over the study period, the number of genetic AC procedures steadily declined while the number of CVS procedures increased slightly ( • " Fig. 2 ).
Discussion
!
Over an observation period of seven years, there was an overall decline in invasive procedures that was caused by a decrease in the frequency of AC procedures while CVS rates increased slightly. This was most likely due to the better case selection for invasive testing by the increasing use of combined first-trimester screening in our institution and the local referring units. In the present study the complication rate after AC, including miscarriage as well as ruptured membranes, was 0.75 %. This result is comparable to recent reports and supports the safety of this diagnostic tool [6, 9 -15, 18, 19].
Complications after CVS occurred more frequently, especially after the transcervical approach. The decision whether to undergo AC or CVS to detect genetic anomalies may be difficult to make and requires extensive counseling. The clear advantage of an early procedure is the avoidance of a prolonged period of uncertainty and the availability of less stressful procedures in cases in which termination of pregnancy is desired after an abnormal result. In many institutions risk assessment and invasive intervention can even be offered at the same visit ("one-stop clinic for assessment of risk"
[OSCAR]) [20] . However, the disadvantage is the increased risk of miscarriage after CVS. Some authors even reported higher rates of limb reduction and subsequent development of preeclampsia, which recent reports could not confirm [21 -24] . Several studies stated comparable miscarriage rates following AC and transabdominal CVS [7, 8, 25] , while transcervical CVS seems to be associated with a higher risk of pregnancy loss [26] , although the reported data for CVS vary significantly [27] . In the present study transcervical CVS seemed to cause more complications as well, suggesting that it might be better to avoid this technique. In cases of difficult abdominal access, the patient should be informed that it might be preferable to wait until an AC can be safely performed at an advanced gestational age. Although the frequency of multiple insertions appears to be quite high in our population, this did not have a significant impact on outcome. The higher frequency might be partly explained by the applied techniques especially in cases with transcervical CVS. It is likely that the earlier gestational age for CVS constitutes an important contributing factor for the higher rate of complications after this intervention, since the fetal loss rate without any invasive procedure obviously decreases with advancing gestation. Prior to 24 weeks of gestation, it has been reported to be 0.4 -1 % [6, 9 -15], which has to be taken into account when interpreting complication rates. Since there is also an association with maternal age and the reason for the procedure [28] , the background loss rate also depends on the individual patient population of a unit [28] . Our unit is a tertiary care referral center dealing with high risk pregnancies. Therefore, cases with associated anomalies being likely to increase the risk for miscarriage or intrauterine demise were excluded from the final analysis. This study was not without limitations, since it was retrospectively designed and reports a single-center experience with limited case numbers, while the best study design to evaluate the procedurerelated miscarriage rate would be a prospective, controlled trial of women included very early in pregnancy. Nonetheless, the presented results are important and can be used by clinicians in units with a comparable case load to inform patients, since physicians should generally refer to realistic complication rates and compare their own results with reported numbers from the literature [29, 30] . 
